Greenhouse gases Observing SATellite (GOSAT) is a Japanese mission for monitoring greenhouse gases, such as CO 2 and CH 4 , from space. The GOSAT carries a Fourier transform spectrometer and a push broom imager. On orbit, the observation data will be evaluated by onboard calibration data and implemented by ground L1 processing system. The post-launch calibration items are planned and the methods will be developed before the launch. The methods are investigated by analyzing the current MODIS data, which has similar wavelength bands to GOSAT. In this paper, we show the plans of onboard calibration, and post-launch vicarious calibration of GOSAT sensors.
Introduction
The GOSAT is a joint project for greenhouse gases monitoring by Ministry of the Environment (MOE), National Institute for Environmental Studies (NIES) and Japan Aerospace Exploration Agency (JAXA). The GOSAT is scheduled to be launched in early 2009. JAXA is responsible for development of satellite and sensors, launching, data receiving, L1 processing and calibration. The calibration results will lead to improvement of L1 products. We will prepare the post-launch calibration and operation plan based upon the investigation for procedures of on-orbit, vicarious and cross calibrations before the launch.
GOSAT sensors
The GOSAT carries sensors named Thermal And Near infrared Sensor for carbon Observation (TANSO). The TANSO is composed of Fourier Transform Spectrometer (FTS) and Cloud and Aerosol Imager (CAI) 1) .
TANSO-FTS
The FTS observes at wide spectral range from shortwave infrared (SWIR) to thermal infrared (TIR) with the same optics. The incident lights are modulated by double cube corner mirrors. The SWIR bands have P and S polarization channels. The spectral resolution is determined by a maximum optical path difference +/-2.5 cm of modulator pendulum and a finite pupil of ZnSe beamsplitter with a diameter of 68 mm corresponding to instantaneous filed of view (IFOV) of 15.8 mrad. The IFOV is projected onto the earth with a diameter of 10.5 km.
The SWIR bands are utilized for retrieval of CO 2 and CH 4 column density 2) from land reflective target and oceanic sunglint. The oceanic sunglint is brighter than or comparable to land reflectance. On the other hand, the TIR band for CO 2 and CH 4 concentration soundings 3) from earth radiation both day and night. Both observations are efficient to improve the measurement accuracy of greenhouse gases. Moreover, the FTS TIR band is utilized for retrieval of another trace gases, such as O 3 .
TANSO-CAI
The CAI has continuous spatial coverage swath, and higher spatial resolution than the FTS in order to detect the aerosol spatial distribution and cloud coverage. Using the multi-spectral 4 bands from UV to SWIR, the spectral characteristics of the aerosol scattering can be retrieved together with optical thickness. The CAI observation swath covers almost the FTS cross track pointing swath. The observation mode will be determined after adjustment of gain and accumulation time.
On-orbit operation
The TANSO on-orbit operation is shown in Fig. 1 
Level 1 processing
TANSO L1 processing is implemented by JAXA's ground system. The L1 processing flow of FTS-SWIR is shown in Fig. 3 . L1A data (interferogram) is converted into L1B data (spectral radiance) after FFT computation and several corrections. Calibration coefficient, which is the conversion factor of output voltage to input radiance, is determined by evaluation of standard light source using in pre-flight test. The change of the calibration coefficient will be monitored by solar irradiance calibration and lunar calibration on orbit. The independent method of on-board calibration is vicarious calibration, which is mainly used the observation data. The calibration coefficient will be maintained by the on-board calibration and the vicarious calibration activities. 
FTS
On-board calibration of the FTS is listed in Table 1 . The FTS has several on-board calibration procedures for characterization of radiometric, geometric, and spectral accuracies.
The solar irradiance data for SWIR will be obtained once in an orbit at the point of north pole, when the sunrise from the satellite. Characteristics of the solar diffuser will be obtained in initial check out phase as a function of solar incident angle to the solar diffuser. The FTS equips 2 solar diffusers. One is operated by orbit, the other by month. Degradation of the by-orbit diffuser will be evaluated the by-month diffuser.
The dark count is obtained by deep space observation. The dark count is estimated as zero level. If there is an unexpected radiation of stray light from the apertures of earth window and deep space window, it will be confirmed by the difference between the deep space observation and the nightside observation. If there is DC stray light, the computed spectral radiance will not be influenced because the interferogram is AC component.
The on-board 1.55 µm diode laser light is injected after reflection of solar diffuser in every month. Instrument line shape (ILS) is an important parameter because of an index of spectral resolution. The ILS is measured in pre-flight test. The ILS change is estimated by on-board ILS measurement.
The lunar calibration is scheduled to be operated once a year at full moon. The moon is stable radiance target in exosphere free from atmosphere with radiance change rate of 10 -7 /year 4) . Sensitivity of the SWIR bands will be evaluated with full moon radiance by orientation of the satellite Z-axis, which is the FTS aperture direction, toward the Moon. The FTS stares at the Moon. The lunar calibration will be implemented by using the lunar radiance model of the USGS database. Continuity of the lunar calibration is indispensable on-board calibration procedure to maintenance of the absolute accuracy. 
CAI
On-board calibration of the CAI is listed in Table 2 . The CAI has less on-board calibration, and hence the sensitivity and stability against temporal and temperature variation are characterized in pre-flight test. The lunar observation will be operated once a year with particular pixels at full moon with constant velocity sweeps. 6. Vicarious calibration 6.1. Radiometric calibration After L1 processing, the evaluation of calculated L1B spectral radiance is ensured by the other calibration method. The sensor characterization on orbit is also checked by using observation datasets. The data accumulation enables the estimation of SNR and sensitivity on orbit.
Trans. JSASS Space Tech. Japan Vol. 7, No. ists26 (2009) The vicarious calibration is conducted by match-up data comparisons using other satellite sensor data, which has similar wavelength bands, and physical parameter datasets, which are generated from L2 data and global climatology. The comparable sensors are required to be well calibrated and located near local time of the GOSAT orbit. It is useful for data accumulation of limited conditions, such as clear sky and stable surface albedo.
Appropriate calibration sites are investigated by analyzing the available satellite sensor data, such as MODIS. Aqua+Terra MODIS global reflectance of 16 days average data is available in this study. The color-coded index in Fig.  4 shows standard deviation divided by mean reflectance in 5x5 pixels, approximately 25 km area, at desert area. The low index shows high spatial homogeneity in a large footprint of the FTS IFOV. The FTS observation points, which are operated by the method of Fig. 2 , are superimposed on Fig. 4 . Nadir view points are illustrated in red and cross track slant views in black. The nadir views are similar geometry to the MODIS observation and avoided BRDF effect between different satellite sensors. The radiometric calibration sites are selected from nadir views and the low index area.
The desert has high reflectivity at SWIR. Since desert has a stable reflectance with temporal variation, it will be utilized for monitoring. In-flight calibration of POLDER on ADEOS-1/-2 was operated by using the Sahara desert observations for performance characterization after the launch 5) . Meanwhile, forest and snow filed are available for calibration in limited season with moderate radiance. 
Geometric correction
The FTS observation points cover on the earth with grid at the distance of 160 km at latitude of 30 deg. The orbit will be selected as passing over Tsukuba and nadir view in dayside, where the validation facilities are located. Fig. 5 shows the observation points over Japan. The blue points show nadir views, and the green cross track slant views. The dotted square is approximately equivalent to the area of monitoring camera view on-boarded for geometric evaluation. Several points will encounter coastlines. The geometric accuracy will be evaluated by using ground control points (GCPs) such as headlands, which are prepared from GSHHS coastline database 6) . The FTS observations are not continuous swath but discrete points. Hence, number of available scenes including GCPs is restricted.
The monitoring camera takes a visible image by clipping a part of the incident light before optics. The camera is nominally operated by VGA mode with an effective resolution of 100 m. The image area is restricted by orientation of the pointing mirror. At nadir view, the image area is kept 23 km x 30 km. The camera will be operated every 4 sec almost coincided with the FTS exposure.
Probability of available scenes obtaining GCPs is estimated by consideration of averaged cloud amount, such as ISCCP cloud dataset 7) . Fig. 6 shows the nadir views of observation points superimposed on the ISCCP cloud amount. At first, the nadir views will be used for the geometric evaluation in calibration phase. The red squares show efficient scenes including more than 3 GCPs. Table 3 shows the estimation of number of geometric evaluation scenes in 3 days with seasonal variation. The table contains the scene numbers of nadir view, including more than 3 GCPs, and after considering the clear sky rate. The available scenes are estimated approximately 1 % of all nadir scenes by consideration of the clear sky rate. 8) for launching around the same time as GOSAT. The OCO is adopted a grating spectrometer, which is a different sensor type from TANSO-FTS. The OCO has the similar observation bands to TANSO-FTS, such as O 2 0.76 µm, CO 2 1.6 µm, and CO 2 2.0 µm bands except for CH 4 1.6 µm absorptions. The OCO and GOSAT projects are to collaborate in cross calibration items before and after the launches.
Pre-launch inter-comparison of standard radiometers
Standard radiometers for TANSO-FTS observation bands are prepared. The standard radiometer of 2.0 µm band has been newly developed for this purpose 9) . The 0.76 µm and 1.6 µm radiometers were developed the past Japanese missions, such as ADEOS-2/GLI and Terra/ASTER. Evaluation of the standard radiometers is collaborated with National Institute of Advanced Industrial Science and Technology (AIST). Fig. 7 shows the illustration of methodology of cross calibration between TANSO-FTS and OCO. The integrating sphere with halogen lamp, which is used for TANSO-FTS pre-flight test, is evaluated by fixed-point blackbody by way of double grating monochromator. In pre-flight test, the SNR, IFOV and polarization are characterized. The portable standard radiometers of GOSAT, which are previously calibrated by fixed-point blackbody in AIST, observe the GOSAT integrating sphere. In the same way, the portable standard radiometers of OCO observe the GOSAT integrating sphere. The light source of TANSO-FTS pre-flight test is evaluated and compared between OCO and GOSAT projects. 
Post-launch cross calibration with OCO
The GOSAT and OCO are planned to have common calibration and validation sites and datasets for comparison of various parameters and implementation steps. The GOSAT orbit will be placed at 13:00 local time in descending node, while the OCO at 13:26 in ascending node. Coincident observations close together in space and time will be placed at northern low latitudes. It will be possible to compare at coincidences with TANSO-FTS and OCO in radiance, retrieved CO 2 column, and so on. Total Carbon Column Observing Network (TCCON) 10) is the ground-based FTS measuring direct solar spectra in SWIR region. The retrieved CO 2 column from TANSO-FTS and OCO will be validated by the TCCON observations.
Summary
This paper shows the calibration plan of TANSO mainly after the launch. The calibration coefficients have been determined in the pre-flight test and installed in the L1 processing system. After the launch, the L1 processing will be operated and improved by the post-launch calibration activities. The on-board and vicarious calibrations will improve the calibration coefficients. The calibration procedures with the datasets, such as other satellite sensor MODIS and OCO, will be prepared before the launch and operated for vicarious calibration.
